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SUMMARY 

An investigation of the longitudinal aerodynamic characteristics of wing- 
body configurations employing a twisted and cambered, 700 swept arrow wing of 
aspect ratio 2.24 was performed in the Langley 4- by 4-foot supersonic pressure 
tunnel at a Mach n-mber of 2.02 z d  a Reynolds number of 4.4 X lo6 based on the 
mean aerodynamic chord. Each of the seven configurations tested had the same 
distribution of normal cross-sectional areas but had different body center-line 
incidence and camber. 
obtained with a body cambered so that its thickness was added symmetrically above 
and below the wing camber surface. 
for treating the addition of a fuselage to a warped wing so as to preserve the 
benefits of twist and camber. The improvement in maximum lift-drag ratio (7.9 
compared with a value of 6.8 for the corresponding flat wing configuration) was 
near the theoretical increment with leading-edge suction effects neglected. 
experimental lift-drag ratio, however, fell far short of that theoretically 
attainable with f u l l  leading-edge suction. 

The best aerodynamic performance of the test models was 

This result suggests a simple design procedure 

The 

INTRODUCTION 

Previous wind-tunnel force and pressure tests of a series of arrow wings 
(refs. 1 and 2) have shown significant improvements in maximum lift-drag ratio 
through the use of twist and camber. The greatest improvement (an increase in 
maximum lift-drag ratio from 8.1 to 8.8) was shown, in reference 1, for a wing 
designed for a lift coefficient of 0.08, which was approximately one-half that 
required for the maximum lift-drag ratio. 

The tests reported herein were performed to investigate the longitudinal 
aerodynamic characteristics of wing-body combinations employing the above- 
mentioned best wing from the tests of reference 1, the purpose of this study 
being to help establish design methods for employing twist and camber to the 

* Title, Unclassified. 
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e n t  body center - l ine  incidence and camber. The invest igat ion w a s  conducted i n  t h e  
Langley 4- by 4-foot supersonic pressure tunnel a t  a Mach number of 2.02 and a 
Reynolds number of 4 .4  X lo6 based on the  mean aerodynamic chord. 

SYMBOLS 

b/2 

C 

C 

C A 

cD 

cL 

X '  

U 

wing semispan 

l o c a l  wing chord 

wing mean aerodynamic chord 

Axial force  
qs 

axial-f orce coe f f i c i en t ,  

Drag 
qs 

drag coef f ic ien t ,  - 

l i f t  coef f ic ien t ,  L i f t  
qs 

Pitching moment 
pitching-moment coe f f i c i en t  about c/4, 

qsc 

l i f t - d r a g  r a t i o ,  CL/CD 

free-stream dynamic pressure 

body radius 

wing a rea  

wing thickness 

Cartesian coordinate system i n  which X-axis i s  i n t e r s e c t i o n  of wing 
horizontal  reference plane and wing-body v e r t i c a l  plane of symmetry, 
o r ig in  a t  o r  d i r e c t l y  above o r  below body nose 

d is tance  from wing leading edge measured i n  x-direct ion 

angle of a t tack  

2 



.) 

A photograph of a representat ive model i s  shown i n  figure 1 and drawings of 
A layout of 

The wings 

These 

t h e  tes t  wing-body configurations a re  presented i n  f igu res  2 and 3. 
t h e  wing planform and bas ic  body i s  shown i n  f igure  2 along with tabulated values 
of t he  wing camber surface,  t he  wing thickness, and the  body radius.  
employed a re  a reference f la t  wing, designated as wing 1, and a twisted and cam- 
bered wing with a design l i f t  coe f f i c i en t  of 0.08, designated as wing 2. 
TO0 swept wings of aspect r a t i o  2.24 are iden t i ca l  t o  wings of t he  sane designa- 
t i o n s  i n  references 1 and 2. Figure 3 i l l u s t r a t e s  t h e  body camber and incidence 
with respect t o  t h e  wing reference plane used i n  the seven t e s t  configurations. 
k i s o  pi-eseiited ir: figLre 3 are t h e  tabulated ordinates of t h e  body center  l i n e .  

The reference wing-body, configuration 1, employs a wing with no t w i s t  and 
camber and t h e  bas ic  body with no incidence o r  camber. Configuration 2 employs 
t h e  cambered wing with t h e  basic  uncambered body a l ined  with the  f r e e  stream when 
the  wing i s  a t  design a t t i t u d e  (CL = 0.08). 
a l ined  with t h e  wing root  chord. 
except f o r  t h e  "upswept1' afterbody. 
and a l so  has a modified nose sect ion.  The body center  l i n e  f o r  both the  nose and 
afterbody sec t ions  i s  a l ined  with t h e  f r e e  stream when the  wing is  a t  design con- 
d i t i on .  
above and below t h e  wing camber surface.  
configuration 5 (mid-wing) except that t h e  bsdy surface i s  coincident with the  
wing lower surface f o r  configuration 6 (low-wing) and i s  coincident with t h e  
upper surf ace f o r  configuration 7 (high-wing) . 

For configuration 3 the  body i s  
Configuration 4 i s  similar t o  configuration 3 

Configuration 5 has the upswept afterbody 

In  a sense, configuration 5 has the  body thickness added symmetrically 
Configurations 6 and 7 a re  similar t o  

The bodies were at tached t o  the  half-span s teel  wings, which i n  tu rn  were 
mounted on a four-component strain-gage balance housed within a boundary-layer 
bypass p l a t e .  During t h e  tests, the wing and p l a t e  moved through an angle-of- 
a t t ack  range as a un i t .  A clearance of 0.010 t o  0.020 inch w a s  provided betwee? 
t h e  body and t h e  surface of t he  p la te .  
increasing gap between model and p l a t e  showed no measurable e f f e c t  on t h e  forces  
u n t i l  clearances s i g n i f i c a n t l y  grea te r  than 0.020 inch were used. 

Tests of one of these  models with 

TESTS 

The tests w e r e  conducted i n  the  Langley 4- by 4-foot supersonic pressure 

I n  order t o  insure a turbulent  boundary 
tunnel  a t  a free-stream Mach number of 2.02 and a Reynolds number of 4.4 X 106 
based on t h e  m e a n  aerodynamic chord. 
layer, t r a n s i t i o n  s t r i p s  were used on a l l  wing-body combinations. For the  wings, 
a 1/8-inch-wide s t r i p  of No. 80 carborundum grains  i n  a lacquer binder w a s  placed 
1/4 inch behind t h e  wing leading edge. For the bodies, No .  60 carborundum grains  
w e r e  used i n  a 1/8-inch-wide s t r ip  1 inch behind t h e  nose. 

Angle of a t t ack  w a s  measured o p t i c a l l y  with the  use of prisms recessed i n  the  
wing surf ace. 
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c, . . . . . . . . . . . . . . . . . . . . . . . . . . .  _+0.0003 - 
CL. . . . . . . . . . . . . . . . . . . . . . . . .  +0.0030 
c,. . . . . . . . . . . . . . . . . . . . . . . . .  +-0.0010 

RESULTS AND DISCUSSION 

The aerodynamic characteristics in pitch of the seven configurations are 
given as a function of lift coefficient in figure 4, 
groups of three configurations for ease in making comparisons. 

The data are presented for 

In figure &(a) a comparison may be made between the basic wing-body (Config- 
uration 1) and configurations employing the basic uncambered body at two incidence 
angles on the twisted and cambered wing. Configuration 3, using a body alined 
with the wing root chord of the twisted and cambered wing, is seen to provide a 
sizable improvement in maximum lift-drag ratio compared with that of the basic 
wing-body combination. 

Figure 4(b) shows the effect of nose and afterbody modifications to config- 
A slightly greater maximum lift-drag ratio with some decrease in uration 3. 

pitching moment at zero lift is shown for configuration 5. 
which produced the highest maximum lift-drag ratio of these tests, employs a body 
whose thickness may be said to have been added symmetrically above and below the 
camber surface. At the design condition (CL = 0.08), the body center line basi- 
cally follows a path along the free-stream direction from the body nose to the 
wing apex, then along the root chord to the wing trailing edge, and leaves the 
wing in the free-stream direction. 

This configuration, 

A comparison of the high-, mid-, and low-wing configurations is shown in 
figure 4(c). The mid-wing configuration, as stated previously, provided the 
highest maximum lift-drag ratio and the low-wing configuration provided the next 
highest value. 

Theoretical estimates are compared with measured aerodynamic data in fig- 
ure 5. Drag due to lift at design condition was found by an integration over the 
wing planform of the specified load distribution (ref. 1) and the required camber 
surface slopes as defined by the methods of reference 3. Drag due to lift at 
other lift coefficients was found by applying an increment due to flat-plate 
loading on this planform by using the equations of reference 4. 
for the wing-body combination was found by using area-rule concepts and the eval- 
uation methods suggested in reference 5. 

Thickness drag 

In figure 5, data are shown for the best of the combined wing-body combina- 

The improvement in maxi- 
tions (configuration 5) and for the uncambered wing-body (configuration 1). 
is reasonable agreement between experiment and theory. 
mum lift-drag ratio (7.9 for configuration 5 compared with a value of 6.8 for 

Then 
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shor t  of the  t h e o r e t i c a l  value a t t a inab le  w i t h  f u l l  leading-edge suction. 
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The increase i n  l i f t - d r a g  r a t i o  due t o  t w i s t  and camber f o r  the  wing alone 
i s  compared with the  increase f o r  the  bes t  of the  wing-body combinations i n  f ig -  
ure  6. 
improvement i n  i s  a t t a ined  f o r  the  wing-body combination than f o r  t he  wing 
alone. 

It i s  i n t e r e s t i n g  t o  note t h a t  a grea te r  port ion of the  t h e o r e t i c a l  
L/D 

I CONCLUDING REMARKS 

An experimental study of the  longi tudinal  aerodynamic c h a r a c t e r i s t i c s  of 
wing-body configurat ions employing a twisted and cambered wing indicated t h a t  the  
bes t  performance of the  t e s t  models w a s  obtained with a body cambered so t h a t  i t s  
thickness w a s  added symmetrically above and below the  wing camber surface.  
r e s u l t  suggests a simple design procedure f o r  t r e a t i n g  the  addi t ion of a fuselage 
t o  a warped wing so  as t o  preserve the  benef i t s  of t w i s t  and camber. The improve- 
ment i n  maximum l i f t - d r a g  r a t i o  (7.9 compared with a value of 6.8 f o r  t h e  corre- 
sponding " f i a t "  configurat ioz)  i s  near the theo re t i ca l  increment with leading-edge 
suct ion e f f e c t s  neglected. The experimental l i f t - d r a g  r a t i o ,  however, fal ls  far 
shor t  of t h a t  t h e o r e t i c a l l y  a t t a inab le  with f u l l  leading-edge suct ion.  

This 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley S ta t ion ,  Hampton, Va., May 8, 1963. 
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